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Fig 1. Surface markers motion for patient #2, anterior-
posterior direction is reported 
 
Conclusions: This feasibility study confirms the importance 
of non-invasive continuous monitoring of breathing motion for 
patients undergoing helical Tomotherapy. Optical tracking 
solutions are available to identify unexpected changes in the 
breathing pattern due to patient anxiety and relaxation. 
More patients will be enrolled in the study. This is expected 
to control the eventual decreasing of target coverage or 
increasing of normal tissue irradiation.  
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Purpose/Objective: To evaluate the performance of a video-
based tumor tracking system used to measure intra-fraction 
motion for brain cancer patients without extra irradiation or 
other invasive procedures to the patient. 
Materials and Methods: The set-up for validation of the 
optical surface tracking video system (OSMS™, Varian) 
consisted on an open mask (Assure™ Open View, Qfix) molded 
to a head phantom mounted on a robotic couch. Known shifts 
based on values encountered in clinical practice were applied 
to the couch; translational shifts from 1 to 15 mm and 
rotational shifts ranging from 0.5 to 1 degree were 
performed. After performing the previously known couch 
shifts a CBCT image and a video-based image of the phantom 
were acquired. The continuous tracking acquisition of the 
video-based system was also evaluated. This system was 
validated using a vertically moving phantom (Varian) with the 
same open mask mounted on top. The intra-fraction motion 
was monitored with the video-based system. The extreme 
motion values indicated by the OSMS were compared with the 
amplitude of the moving phantom measured directly with a 
ruler. Finally, patient intra-fraction deviations were 
measured and compared with the CBCT images acquired 
immediately before and after irradiation. 
Results: The results for the static situation are summarized 
in table1. Comparison between the performed translational 
couch shifts and the values obtained from the CBCT images 
and the video-based system showed an agreement within 0.9 
mm and 0.6 mm, respectively. The corresponding differences 
regarding the rotational shifts were within 0.1 ° and 0.2 °, 
respectively. Systematic deviations of the CBCT-based 
differences are due to the automatic match tool for the 1 
mm couch shifts. The OSMS-based differences in the y 
direction are due to the longitudinal shifts which placed the 
phantom away from the OSMS cameras. For the dynamic test, 
data acquired during the phantom irradiation revealed 
differences between the OSMS and the actual movement of 
the phantom within 1 mm, also for irregular movements. In 
figure 1 the measured intra-fraction movement is shown for 
two patients. The CBCT deviations for each patient are also 
shown. An agreement within 0.2 mm in the vertical direction 
between the average intra-fraction motion as measured by 
the OSMS with respect to the CBCT images was found. 
 
 
Conclusions: The video-based system has been validated and 
is used in clinical practice for continuous tracking for brain 
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stereotatic patients. Currently, intra-fraction deviations 
observed in clinical practice are being analysed with the aim 
of including these variations in the calculation of CTV to PTV 
margins.  
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Purpose/Objective: Proton therapy has the potential to 
improve lung cancer therapy. Current studies have shown 
significantly better treatment plans for protons than for the 
conventional photon treatments, but the dose distribution is 
more sensitive to patient motion. The aim of this review was 
to investigate peer-reviewed studies of motion management 
in proton therapy of lung cancer. 
Materials and Methods: The PRISMA-guidelines for review-
articles was followed. Keywords used to perform a search in 
Google Scholar, PubMed and PubMed Central, were 'proton 
therapy', 'lung cancer', 'gating', '4DCT', 'tracking' and 'interplay 
effect'. Inclusion criteria were scientific articles in English, 
articles available in full text online and the topics covering 
motion management technique or motion effect 
simulations/measurements. The articles were categorized 
according to the topics as treatment planning strategies, 
beam strategies, gating, tracking, adaptive planning and no 
motion management technique.  
Results: 1017 articles were found of which 36 articles were 
included in the analysis (Figure 1). Out of these articles, 18 
articles studied the motion effect for scanned beams, while 
15 discussed the effect when using scattered beam (unknown 
beam was used in three cases), see Table 1. Included in the 
treatment planning strategy were different spot 
size/distance (when the scanned beam was used), treatment 
plan quality (level of homogeneity, beam angels etc.), 
fractionation as well as 4DCT-planning. With the help of a 
4DCT-scan one could evaluate the motion of the tumor and 
choose the correct corresponding margin. Approaches applied 
were to use the averaged CT of all phases, the maximum 
intensity projection of all phases, or single phases such as the 
mid-ventilation or the end-of-inhale. Beam strategies 
included rescanning and different scanning techniques, e.g. 
discrete or continuous scanning. The main purpose of these 
beam strategies was to minimize the interplay effect.  
 
 
Figure 1. The inclusion of articles according to the PRISMA-
statement. 




Conclusions: The presented motion management techniques 
are required to deal with intra- and interfractional 
uncertainties of proton therapy. Comparing studies and the 
effectiveness of the techniques presented is challenging 
because the authors report different dose metrics. Scanned 
and scattered beam dose distributions appear less sensitive 
for larger tumors and for tumors with less intra-fractional 
motion. Further investigations may reveal to what extent 
motion management techniques are necessary in proton 
therapy, and when to use a particular technique.  
   
 
 
 
 
